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soils and climate from the SOILS5 database. These data serve as input for a biophysical process model
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ABSTR-\CT 
To evaluate the impact of conservation polic1es on soil organic carbon in agricultural soils. \\e 
linked the production and cropping systems information from the 1992 '\Jational Resources Inventory 
1 '-JRI) date1base e1nd the extensive physical data on soils and climate from the SOILS5 database. These 
data serve as input for the Erosion Productivity Impact Calculator (EPIC), a biophysical process model 
cai1brated for the conditions and practices prevalent in the study region. EPIC simulations were 
conducted for 'iRI sites in a random sample of l !.58! points drawn from the :-.RI database. From this 
''utput we derived a soil organic carbon metamodel that predicts the site-specific annual rate of change of 
,~arbon as a function of management practices. soil erosion. initial soil conditions. and geography Bv 
changing management variables for i\RI points to retlect alternative policies. the metarnodel can predict 
the site-specific impacts on soil carbon for each policy. 
Four policy scenarios were developed: ( l) a 1992 baseline policy with CRP. (2) a no-CRP rolic:v. 
\\hich returned CRP lands to pre-enrollment management (3) a mandatory T-based policy limiting soil 
losses to one-T. and(-+) a \Oluntary tillage policy reducing conventional tillage by 50 percent. 
Using the \iRI database, we estimate that the initial level of carbon sequestered in the soils nr" the 
study region is 10.823 T g. From this leveL all policies indicate that agricultural soils will lose carbon 
The baseline had an annual loss rate of 14.8 Tg. Eliminating CRP increases the loss rate to 15.- T g or a 
6 percent increase over the baseline. The T-based policy reduces the annual loss rate to 2.-:' Tg or :ln 
80 percent reduction from the baseline. The tillage policy reduces the loss rate to 7.6 Tg or a 50 rercent 
reductim1 from the baseline. These results indicate that reducing soil erosion. rather than removing land 
from agricultural rroduction. is the most etlective way to increase carbon sequestration and enhance soil 
quality to preserve the long-term productivity of agricultural soils. 
THE L\lPACTS OF SOIL CONSERVATION POLICIES ON CARBON SEQuESTR-\TTON TN 
AGRICULTURAL SOILS OF THE CENTRAL U~ITED STATES 
Introduction 
The pool of organic carbon in soils plays a key role in the carbon cycle and has a large impact on 
the greenhouse effect (La\ eta!.. 1995). Soils contain an estimated 1.5 .\. l 0! 3 g of carbon. or twice as 
much as the atmosphere and three times the level held in terrestrial vegetation (Post et al.. 1990: 
\chles1nger. 1990). The annual net release of carbon from agriculture has been estimated at CU\ .\. l Oi' g. 
,,r ZJ.bout 14 percent of current fossil fuel emissions (Schlesinger. 1995). In addition to the inf1uence that 
~nil cJ.rbon has on global \varming, it also plays a key role in detem1ining long-term soil fertility 
necessary to sustain profitable long-term agricultural production. The ZJ.bility to sequester carbon in soils 
by proper tillage and erosion management provides long-term justification for soil conservation 
programs. However, there is scant information on the changes in soil organic carbon (SOC) that accrue 
from key soil conservation programs and policies. 
In 1986 the Conservation Reserve Program (CRP) began converting highly erodible and other 
environmentally sensitive land from crop production to perennial grasses or trees. The 1990 Fam1 Bill 
mandated conservation compliance to be fully implemented by 1995 for producers participating in 
federal commodity programs. These policies were not explicitly intended to enhance carbon 
sequestration in agricultural soils. yet both programs clearly affect SOC on millions of acres. 
Farmers· responses to these policies and the resulting effects on SOC are difficult to model across 
large regions of the United States because of the diverse agricultural practices currently in use. 
~umerous tillage practices. crop rotations. conservation practices. nutrient management practices. and 
irrigation types need to be taken into account for effective modeling. Furthem1ore, large regions have 
thousands of different soils, diverse topography, and varied climates. Researchers have developed 
¥anous models and approaches to describe soil carbon dynamics at the field level and from these results 
have projected policy impacts at the regional level. Donigian et al. ( 1994) reviewed some of these 
studies. 0Joteworthy among these are applications based on biophysical process models such as 
CENTURY (Parton et al.. 1987) and DNDC (Li et al.. 1992a. l992b), as well as the approach by Kern 
and Johnson ( 1993) using a geographic information system (GIS) and a simple regression equation. For 
,,ur purposes. these approaches did not adequately account for the effects of soil erosion or provide the 
tlexibilty to analyze the effect of managment changes such as tillage, crop rotation. or fertrilizer r~ne. 
Carbon losses in eroded soil can be significant. particularly in long-tenn studies: yet most of these 
approaches do not adequately model the effects of tillage. crop rotation. and conservation practices on 
soil erosion. The cumulative impact on SOC of even small annual losses of carbon in eroded soil can 
become significant after prolonged cultivation and may constitute a large portion of the SOC decrease 
observed with the initiation of cultivation (Bouwman. 1990: Donigian eta!.. 199'-1-). Lal ( 1995) estimates 
that 20 percent of carbon displaced with eroded soil is decomposed and emitted to the atmosphere. 
Johnson and Kern (1991) suggest the proportion is approximately 50 percent The U.S. Environmental 
Protection Agency. in its report on c I imate-change mitigation strategies for forest and agricultura I 
sectors. concludes that a more thorough investigation of the impact of no-till practices on SOC levels and 
hetter tracking of eroded SOC is needed to quantify the soil conservation policy impacts on SOC levels 
I l SEPA. 1995). 
In this paper we present an integrated modeling approach that links a biophysical process model 
and the 1992 "\lational Resources Inventory CNRl) (USDA/SCS. 1994) in a geographic infonnation 
.system (GIS) to measure SOC dynamics. The NRI is itself linked to the SOILS5 database to provide 
detailed soil profile information for each sample point. \Ve chose EPIC (Erosion Productivity Impact 
Calculator) for our biophysical process model to simulate the impacts of alternative production systems 
on SOC levels (Williams et al.. 1988: Sharpley and Williams, 1990). EPIC allows the simultanec>us 
modeling of soil erosion, nutrient fate and cycling. crop growth and soil carbon dynamics. as well as 
provides extensive flexibility in designing managment systems. Using this framework, we evaluate the 
impact of C RP. conservation compliance, and conservation tillage policies on carbon sequestration in the 
a2:ricultural soils of the Central United States. 
The "JR! provides an ideal database to estimate the total organic carbon sequestered in soils. Kern 
and Johnson ( 1993) and Bliss et al. (1995) also base their carbon sequestration studies on the NRl. 
Given its site-specificity. the NRI is easily incorporated into a GIS framework. and the NRI expansion 
factors allow statistically valid aggregation. The NRI and other data become input for the EPIC process 
model and. thus. provide the biophysical and management detail needed for effective spatial analysis at 
the regional scale. 
EPIC is well-suited to simulate the site-specific impacts of alternative production systems on soil 
erosion. nutrient fate and cycling, crop growth. and soil carbon dynamics. Because these processes are 
mterrelated. an integrated and comprehensive modeling system such as EPIC is critical to adequately 
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c:apture the impacts. EPIC has been validated and calibrated for a \vide variety of conditions. particularly 
for the conditions and management practices prevalent in our study region (Sharpley and \Villiams. 
Research :Vlcthods 
Theoretical Development 
l n its most basic fonn. the annual rate of change of soil carbon can be explained by assuming 
~ingle-pool first-order kinetics (Parton eta!.. 1996): 
dC ( -' fJf' 
---na- '---" 
dt ! 
( 1 ) 
\\here Cis the soil organic carbon content at timer. ,8the decomposition rate of soil carbon. ex the 
addit1un of carbon to the soil :1t timet. and h the carbon storage fraction constant. If the rate of change is 
positive. i.e. ha > jK',, then the soil acts as a carbon sink. If the rate of change is negative. i.e. ha < j3C,. 
then the soil acts as a source of carbon. 
-\t equilibrium. when additions to soil organic carbon equal losses. then 
dC, , 
-~O=C 
dt 
ha 
fJ 
That is. the equilibrium carbon content c· is directly proportional to the C:lrbon accretion factor ha. 
(:2) 
\vhich depends on c:1rbon inputs to soil through plant biomass. In agricultural systems. these inputs are a 
function of root growth and crop residue (R) and fertilization (,V). and R, in tum. is a function of cropping 
practices ( Jf): 
h a = g 1 (R (MJ , N) . ( 3) 
The r:lte of decomposition (,8) depends on intrinsic soil properties (S), cropping practices (!vi). and other 
spatial and weather factors ( W): 
fJ = g 2 (S, M, W) . (4) 
Finally. Cis determined by initial soil organic carbon content (C,,), intrinsic soil properties (5), weather 
factors ( W). and erosion (E). \vhereas erosion is a function of cropping practices. intrinsic soil properties. 
and weather factors (.H. S. W): 
(:') 
Erosion in tum is a function of many of these same factors as shO\vn. Combining equations (.3 ). ( 4). and 
I 5 l \Ve can represent the annual rate of change as 
dC 
-.-
1 ~ j(}vf, ;V, S, W, C 0 ). 
at 
Fquation ( 6) is the theoretical basis for our SOC model that expresses the annual rate of change as a 
I 6) 
function of management (rotation. tillage, irrigation, fertilization\ water and wind erosion, initial carbon 
-;tarus. and location. As \Ve explain, our model is a first-order approximation of a higher order or 
nonlinear process: therefore. we include C0 among our regressors for estimating Equation (6). Finally. 
because our regression model is derived from the output of another mode I, it is a mctamodel, and the 
~tatistical technique used to estimate the model is meramodeling (Kietjnen, 1987). 
:\'letamodeling 
Even using current computer technology. conducting EPIC simulations for all 153.869 cropped 
'-IRI points in our 12-state study region for each of the policy scenarios would be prohibitive in time and 
cost. To overcome this limitation we use metamodeling, which involves running biophysical-process 
model simulations on a manageable subset of the ~RI population, then creating a regression model to 
explain the simulation outcome for environmental indicators such as water and wind erosion. nitrogen 
runoff and leaching, and SOC. 
\letamodels are simple. statistically valid response functions explaining changes in environmental 
indicators as functions of production and management variables. initial resource settings, and climatic 
factors. The estimated metamodel is then used to predict changes in environmental indicators at every 
"-JRI point in the population. This output is the baseline environmental impact. Alternative policies are 
analyzed by changing the production and management variables for each NRl point to retlect the new 
policy. then the site-specific impacts are predicted by the metamodel. 
\Ve have developed separate metamodels for nitrate-nitrogen leaching, nitrate-nitrogen runoff, 
wind erosion. water erosion. and soil organic carbon changes. The development and application of the 
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n 1trogen and eros ion metamode Is can be found in \V u. Lakshminarayan. and Babcock ( 1 996) and 
Lakshminarayan and Babcock (1996). 
Study Region 
Our study region includes the Lake States of :Vlichigan. Wisconsin. and \11innesota: the Corn Belt 
states of Ohio. Indiana. Illinois. Iowa, and rv1issouri: and the Plains States of:-:orth Dakota. South 
Dakota . .'iebraska. and Kansas. This 12-state region accounts for .57 percent of the nation's cropland and 
lar\!e proportions of the nation· scorn. soybeans. wheat. and sorghum acreage. In !991. it produced 89 
percent of the nation's corn. 8! percent of the nation's soybeans . .56 percent of the nation's wheat and .56 
percent or the nation ·s sorghum. These four crops plus alfalfa and summer fallow account for about 87.5 
percent of the cropland in the study region. Corn and soybeans are the major crops in the Corn Belt and 
Lake States and account for 72 percent of the cropland in these tvvo regions. Corn and wheat are the 
major crops of the Plains and account for .51 percent of cropland. In 1992. cropland accounted for .53 
percent of all land use in the Corn Belt, 32 percent in the Lake States. and -+4 percent in the :-!orthern 
Plains. 
Fourteen major crop rotations were identified in the study region (Table 1 ). The most common 
rotations in the Corn Belt and Lake States are corn-soybeans. continuous corn. and corn-soybeans-wheat. 
The \vheat-fallow and wheat-sorghum-fallow rotations \Vere the most popular in the Plains. In 1992. 
about 3-::: million acres ( 17 . .5 percent) were planted with conservation tillage and approximately 1 J . .5 
million acres (6 7 percent) were irrigated in the study region (Table 1 ). 
Data 
To obtain the regional coverage and site-specific modeling that effective policy analysis requires. 
,1ur framework links the extensive physical data on soils and hydrology from the SOILS.5 (Soil 
Interpretation Record System) database. production and cropping systems information from the 1992 
'\IRI database ( LSDA/SCS. 1994), and the information on fertilizer management practices from the 
USDA !992 Cropping Practices Survey (USDA/ERS. 1994 ). 
Our framework uses NRI sample points as the basic unit for policy analysis. The 1992 NRI is the 
third in a series of surveys by the Natural Resource Conservation Service (NRCS) to determine the 
status. condition, and trend of the nation's soil. water, and related resources. The sampling method is 
designed to guarantee that inferences at the regional, state, and sub-state levels can be made in a 
statisticaily reliable manner. In our 12-state study region, there are more than 150,000 data points that 
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report com. soybeans, \vheat. sorghum, or legume hay. For each sample point. data are reported for 
almost 200 attributes. including detailed production and management information . .\1anagement data 
include tillage and conservation practices, irrigation use. and participation in the CRP. The three-year 
cropping history defines the crop rotation for each point. Each sample point also has an expansion factor 
that assigns each point the appropriate weight for aggregation purposes. 
Lnfortunatcly the 1992 NRI tillage information does not disaggregate conservation tillage sites 
further into reduced and no-till categories. This distinction is crucial for making accurate site-specific 
erosion assessments. The Conservation Technology Information Center (CTIC) publishes state-level 
crop-specific estimates of acres under different tillage methods. including reduced tillage and no-till 
1 CT!C 1993). Tillage systems that maintain 30 to 70 percent residue cover are considered reduced 
tillage and systems with residue cover exceeding 70 percent are considered no-till. By using CTIC data 
ti.'r 1992. \ve computed normalized distributions of reduced and no-till acres by crop and state. then 
randomly classified all NRI conservation tillage points as either reduced tillage or no-till. 
The :-.JRl is linked to the SOILS5 database to provide climatic data and detailed soil profile 
information for each sample point. The SOILS5 database does not explicitly report the total SOC for 
each profile; hmvever, it can be derived from the reported data. 
Finally. we augmented the management information in the NRI \Vith nutrient management 
information from the CSDA 1992 Cropping Practices Survey. The survey data were used to determmc 
state-level rotation-spec i fie nitrogen and phosphorus application rates. 
These data serve as input for the biophysical process model EPIC, the simulation model we use to 
predict the site-specific impacts of different management practices. Policy impacts on important 
environmental indicators such as soil erosion. nitrate-nitrogen leaching and runoff. and soil organic 
carbon are estimated by using EPIC simulations at randomly selected NRI sample points. and then 
constructing metamodels. Among its many components, EPIC models carbon dynamics for the full soil 
profile and can track carbon sequestered as soil organic carbon. Furthermore. EPIC estimates carbon 
losses in so I I eroded by water and wind. 
SOC Metamodel 
EPIC Simulations 
To create the SOC metamodel, a 30-year EPIC simulation was conducted for each of 11,581 NRI 
pomts m a random sample from the NRI population. :'vlanagement practices were those from the 199:2 
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baseline. and are discussed in the next section. At each point. levels of SOC (kg m·') for each year otthe 
simulation \Vere calculated from EPIC soil table data by using 
10 
C ~IO L Pd;. POCJD ;_.,-D).). 
~>I 
EPIC models the soil profile as l 0 different layers and A. indexes these layers. POC" is the percent 
,,rganic carbon and p3;. is the dry bulk density (g cnr') for each layer. D;. is the depth ( m) to the bottom 
,Jf each layer. where 0,1 = 0 by definition. The depth to the bottom of each profile is as reported in the 
S01LS5 database and is highly site dependent. Typical ranges are as little as 0.30 meters for shallov> 
~ui Is to as many as 2 meters or more for deep soi Is. See Bliss et al. ( 199 5) for an example of the range of 
depths at the state !eve l. 
The result of these simulations is a 30-year time series of SOC at each sample point. fn generaL 
these time series appear linear in trend with slight regular tluctuations due to crop rotations. As Figure 
depicts four of these time series for different sample sites and soils in Iowa. Given their linear nature. 
\\e use ordinary least squares regression as a first-order approximation of the higher order or nonlinear 
process. Our SOC metamodel predicts the annual rate of change in SOC (kg m·2 yr- 1) at each 01Rl point 
as a function of its management, erosion rates. initial soil conditions. and geography. Intuitive!v. we are 
fitting a linear function to predict the slopes of the lines in Figure 1. 
Soil carbon dynamics are a complex network of processes. To simplify our analysis. \Ve use 
annual changes in SOC le\·els as an aggregation of these processes. Specifically, we do not report any 
data on le\ els of annual carbon inputs or crop yields: however. these are modeled by EPIC and were 
analyzed during model development. In EPIC. above- and below-ground crop biomass is the only 
carbon input to the soiL and decomposition and erosion are the only losses. Crop growth and biomass 
production occur on the surface and tillage moves crop residues into the soil profile. In the soil profile, 
EPIC models root biomass production and the conversion of crop residues and dead root biomass into 
soil organic carbon. 
Preliminary analysis of EPIC simulations show that for any given soiL the pool of plant and root 
biomass and crop residues on the surface and in the profile varied from year to year around an annual 
average. with no statistically valid trend. In the long run. carbon inputs could be modeled accurately as 
simple annual averages that depend primarily on crop rotation and fertilization. Furthermore, the 
magnitude of the plant biomass and crop residue pool of carbon inputs was relatively small compared 
\Vith total SOC levels (less than 3% at the highest). Finally, the accuracy of EPIC crop yields is 
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generally quite good when compared with actual annual averages and the estimates of other models 
!Toure et al.. 1994: Geleta et al.. 1994: Sharpley and Williams. 1990). 
SOC :VIetamodel and Coefficients 
Csing the EPIC results. the SOC metamodeL theoretically developed as Equation (6). \\aS 
estimated as 
dC n 15 
- =/3 - "f3D + \'/3D -{3 D T/3 v -'-/3 EOC dt ') ~ 1 rot }~ J u/1 l6 ~rg }r !R -,.,ater 
(8) 
D ". [\ 11 and D rg are dummy variables for rotation. tillage, and irrigation. ~ is the rate of nitrogen 
tert!lization (kg ha·t yr- 1). EOC"ater and EOC.,·md are the loss rates (t ha· 1 yr· 1) of organic carbon lost with 
soil eroded bv water and wind. These rates are calculated by 
Ewater and Ew,nd are the average annual rates of water and wind erosion (t ha· 1 yr· 1), and POC is the 
percent organic carbon for the first layer (A horizon) as reported in the 01RI. Erosion rates are 
detennined by the \Vater and wind erosion metamodels (Lakshminarayan and Babcock, 1996). To 
(9) 
I 1 0) 
convert organic matter as reported in the NRI to organic carbon, we use 57.47 percent as the conversion 
factor. 
rhe organic carbon density Poc 1 (g cm- 3) of the first layer is calculated by 
( 1 1 ) 
pd =p'TI -0.06- ( 12) 
Because the NRI reports the moist bulk density Pm (33 kPa bulk density), we use Equation (12) to 
convert to the dry bulk density PJ· Kern and Johnson (1993) derived (12) by analyzing the National Soil 
Survev Laboratory Pedon Database: they reported R2 = 0.96 for n = 44,824. C 1 is the SOC (kg m·2) 
sequestered in the first layer and is calculated by 
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\Vhere 0 1 is the depth to the bottom of the first layer. Because the "\:RI reports depth as inches. the 25.~ 
factor converts to metric units. 
L-\ T and LONG are the latitude and longitude of the nearest weather station reported in the 
\Veather database. These serve as proxies because the actual latitude and longitude of NRI points are not 
public information. By overlaying the weather map grid on the NRI point map and then using: the 
rhie-;sen polygon technique. \VC identified NRI points close to each \\Cather station and imputed the 
iatitude and longitude of that \Veather station to all 01Rl points in the polygon. These location variables 
capture many of the climatic effects, primarily tern perature and rainfall. 
Table 2 reports the coefficient values of the metamodel regression. Judging from the R2 and the 
root mean square error, the estimated model fits the data well. Furthermore. the signs of the coefficients 
are consistent with theory. 
Policy Scenarios 
To estimate the impacts of alternative policies. we developed four scenarios: (1) the 1992 /lase line 
po/icv. \vhich includes CRP: (2) a no-CRP polic}· for which the cropping practices on CRP lands are 
switched to their pre-enrollment practices: ( 3) a mandatory T-based policv. which limits soil loss to be 
below the site-specific soil loss tolerance standard T: and (4) a voluntary conservation tillage policv. 
which S\vitches 50 percent ofNRI points farmed with conventional tillage to conservation tillage 
(reduced and no-till). The impact of the no-CRP. T-based, and tillage policies on carbon sequestration in 
agricultural soils is the difference in the net SOC levels between the 1992 baseline and the respective 
scenanos. 
The baseline policy uses management variables for each sample point as reported in the 1992 NRI. 
Our analysis of the impacts of CRP only include data through the 11th sign-up, because this is when the 
!992 ;\"RI ends reporting on CRP participation. Because 94 percent of total CRP acres were enrolled in 
the first 1 1 sign-ups. this limitation is relatively minor. In addition. our analysis of CRP includes only 
those points for which the 1992 NRI reports the contracted cover as grasses and legumes. Other CRP 
contracted covers. such as trees or wildlife and components, were relatively small in the study region. 
vlanagement practices used for sample points enrolled in CRP included no tillage and no fertilization for 
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the entire 30-year simulation. In the Com Belt and Lake States. the simulated crop for CRP points was 
summer pasture. whereas in the Plains States. EPIC simulations used the crop parameters for rangeland. 
For the no-CRP policy, !992 management practices are used for all sample points, except for those 
enrolled in CRP. Cropping practices for CRP points were switched to their pre-enrollment practices. 
thus returning sample points to their pre-CRP use. Tillage. conservation. and irrigation practices were as 
reported in the ~RI. 
For the T-based policy, management variables are taken from the 1992 "'RL except for those 
sample points not meeting the one-T soil loss standard. For these points. approved conservation 
practices are imputed by a simple algorithm so that annual soil erosion falls below T. the maximum level 
,,r acceptable loss determined by the NRCS for that site. Crop rotations are held constant and. as a result 
~l fe\v sites still do not meet the one-T standard. despite using no-till and all conservation practices (strip 
cropping, contouring, and terrae in g). Assuming a neg! igib le !eve l of voluntary conservation compliance 
\Vas implemented before 1992, this scenario captures the impact of conservation compliance based on T. 
Finally. sample points enrolled in CRP are treated as in the baseline. 
The voluntary tillage policy captures the impact of a 50 percent reduction in the use of 
conventional tillage. Again. 1992 NRI management practices are used for sample points. except for 
those reporting conventional tillage. These sample points are randomly S\vitched to reduced tillage and 
no-till so that an overall 50 percent reduction in the use of conventional tillage results in each state. 
Again. sample points enrolled in CRP are treated as in the baseline. 
Results 
Initial Level of SOC in Agricultural Soils 
To start the system. \VC needed an estimate of the initial level of carbon sequestered in the study 
region. Each \iRI sample point is linked to a soil profile in the SOILS5 database. The SOILS5 database 
does not explicitly report the total SOC for each profile. but it can be calculated from the reported data. 
The depth to the top and bottom of each layer. and the high and low range for organic matter and moist 
bulk density, are reported for each layer in a profile. From these. the total SOC sequestered in the soil 
profile at each NRl point can be determined by 
Poe = 0·
5747 
·oML. ~OMH. A ( A ;)• 
2 
( 14) 
11 
Pd .= !1: (BDL. -BDH) '-o 06, r A. / ,A. A 1 
' ~ 
(15) 
L 
soc ="Poe .p1 .R .(D. 1 -D ·J. n ~ A ·A A .J.~ /. (16) 
A c/ 
Again.;_ indexes soil layers. \Vith each NRI point having L. layers. and n indexes \:RI points. \vith 
a total of\i points in the study region. In Equation ( 1-1-) OML and O:VlH are the lmv and high ranges for 
the percent organic matter reported for each NRI soil layer. The simple :lVerage of these and the 5'.-1-7 
percent conversion factor are used to obtain the percent organic carbon (POC) tor each layer. 
In Equation ( 15). BDL and BDH are the low and high ranges tor the moist (33 kPa) bulk density 
reported tor each layer. Again. the simple average and the 0.06 conversion constant of Kern and Johnson 
1 i 99 3) are used to obtain the dry bulk density ( p J) for each layer. 
In Equation ( 16). R is the rock fragment correction t:1ctor for each layer derived by Bliss et al. 
( 1995). It removes from calculations of SOC all coarse matter greater than 2 mm D is the depth ( m) to 
the bottom of each layer and D,! = 0 by definition. Equation ( 16) calculates the SOC (kg;m· 2) for each 
'\iRI point as the sum of the SOC in each layer. corrected for coarse matter content in each layer. 
Finally. we used Equation (I 7) to calculate the total carbon sequestered in the agricultural soils of 
the study reg10n as SOC: 
.v 
SOC 1992 = Exnsoc", ( 17) 
n ::;j 
where X" is the appropriate expansion factor (m 2) tor each NRI point. Table 3 reports the results ur' our 
calculations. Our results for the total SOC only include data tor agricultural soils and, theretore. are 
lo\ver than the results reported by Bliss et al. ( 1995) for these states. The SOC per unit area reported in 
Table ) is comparable to that reported by Bliss et al. ( 1995). 
Empirical Comparisons 
Figures 2 and 3 depict the distributions of the annual rates of change estimated by the metamodel 
for the baseline scenario. In Figure 2. conventional tillage includes both fall and spring plow. Figure 3 
illustrates only the most common rotations, and the com-soybeans rotation includes the data for the com-
com-soybeans and soybeans-soybeans-com rotations as well. These distributions are consistent with 
empirical studies reported in the literature for wheat and continuous grass in Colorado (Wood et al.. 
12 
1991 ): com in Kentucky (Blevins et al.. 1983): and corn. soybean, and sorghum rotations in Kansas 
(Hav·lin et al.. 1990). Li (1995) reports rates predicted by DNDC for soybeans in Jov,a. Illinois. and 
"Jebraska that are consistent with the SOC metamodel predictions. 
Policy Comparisons 
To compare the impacts of each policy, the necessary management parameters were specified for 
all sample points to coincide with each policy. The coefficients of the metamodel vvere then applied to 
the '-.;Rl population and the point-specific annual rate of change in SOC predicted under each policy. 
fhe policy-specific projected point-level impact on SOC levels after 30 years was calculated by 
'0'? ln9' dC SOC- "" c:SQC ·'- -30 -". 
n n dt 
( 18) 
\gam. n indexes NRI points. The projected SOC in 2022 for each point is simply the sum of the initial 
'30C in 1992 and the 30-year cumulative change predicted by the SOC metamodel. These point-level 
impacts were then aggregated for the vvhole study region by 
The results for the baseline and the three alternative policies are reported in Table 4. Figure 4 
illustrates these results with a time series plot. All scenarios indicate that agricultural soils are net 
sources of carbon. Beginning from the initial level of 10.823 Tg in the study region. the baseline 
predicts an annual loss rate of 14.8 Tg. lfCRP lands are switched back to pre-enrollment production 
practices. the annual loss rate increases to 15.7 Tg. Thus the contribution ofCRP is an annual reduction 
,,f 0.9 Tg in the baseline SOC losses. With aT-based policy, the predicted annual loss rate is only 
2."7 Tg or an 80 percent reduction in annual baseline SOC losses. As mentioned previously, crop 
rotations vvere not changed under the T-based policy, and some sites still did not meet the one-T 
criterion. If sites were brought into compliance by also changing crop rotations, the T-based policy 
would make agricultural soils net sinks of carbon. The result of a 50 percent decrease in conventional 
tillage is a predicted annual loss rate of 7.6 Tg or a 50 percent reduction in annual baseline SOC losses. 
The impact of CRP is much smaller because the land area it impacts is far less than the area affected by 
the tillage policy or the T-based policy. Figure 5 is a GIS map illustrating the 1992 initial and 2022 
proJected spatial distribution of carbon sequestration under the baseline policy. 
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Discussion and Conclusion 
Our results are consistent \vith those reported by Kern and Johnson ( 1993) for different levels of 
conservation tillage adoption. They reported no scenarios that indicated a net increase in SOC 
sequestration. unless the effects of reduced fuel consumption \vere included. Donigian eta!. ( 199-+) used 
CE~TCRY for a similar study and reported agricultural soils as net carbon sinks: however. they believe 
that a projected 1.5 percent annual increase in crop yields drives this result. Furthermore. CENTURY 
did not account for the effects of soil erosion. They report that this omission of erosion impacts needs 
llreconsideration for future refinements of CENTL'RY. particularly for modeling the impact of tillage 
policies. 
\lanagement practices. soil erosion. and initial carbon levels are the key components of the SOC 
metamodel. Our SOC metamodel is theoretically consistent with other models of organic matter 
chnamics (Parton eta!., 1996). Our SOC metamodel is also empirically consistent with long-term 
~wdies. The conclusion of long-term tillage studies of Great Plains soils is that the observed decreases in 
'SOC result from (I) increased aeration due to tillage and (2) loss of topsoil rich in organic matter due to 
erosion (Haas et al.. 1951: Bauer and Black. 1981: Tiessen et al. 1982). 
La! ( 1995) discusses the importance of soil erosion in global carbon dynam1cs. He estimates that 
globally soil erosion displaces 5.7 x 10 15 g of carbon (organic and inorganic) annually from terrestrial 
ecosystems. He estimates that I 0 percent of this ends in the ocean and I. 14 x l 0 15 g is emitted to the 
atmosphere. 0Jot surprisingly. Ritchie ( 1989) finds that the carbon content of sediments accumulating in 
reservoirs in the C n ited SL1.tes is highly correlated vvith the carbon content of the A horizon of the soi Is in 
each watershed. He estimates that the global rate of carbon sequestration in reservoirs from eroded soil 
deposition is 0.::-0 . .J X l 0i 5 g of carbon annually. 
The policy implications of this study are not surprising. Effective policies that reduce soil erosion 
and enhance soil quality \Vith good agricultural stewardship will also increase carbon sequestration. It is 
satisfying to have additional evidence that pursuing more immediate and pressing objectives. such as 
stabilizing producer income and improving water quality, also has positive benefits for long-term 
concerns such as sustaining productivity and mitigating global climate change. Increased carbon 
sequestration was not the objective of CRP or conservation policies; however. these policies contribute 
to SOC accumulation and enhanced soil quality. The results ofthis study indicate that reducing soil 
eros1on is a more effective way to increase carbon sequestration in agricultural soils than removing the 
land from agricultural production. 
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Table 1. Distribution of Cropland by Management Practices, 1992 
Practic~ ALL IL IN lA \-10 OH \1! MN WI KS NE "'D SD 
Croo Rotutwn 
Continuous Com 
Continuous Soyb 
Continuous \Vheat 
Continuous Sorg 
Com-Soyb 
C om-Com-Sovb 
Com-Soyb- Wheat 
Sovh-Soyb-Com 
\lv·h~at-Fallow 
\Vh~at-Sorg-Fallow 
Wheat-Soyb 
Wh~at-Sorg 
~ lfalfa-Alfa-Aifa 
Com-Com-Alfalfa 
Others 10.2 
CRP 7 2 
!rrir;mion Pracncc 
"'omrri gated 
Irri£ated 
Tillage Practice 
Conventional till 
Reduced till 
"io-till 5.9 
---------------------------------------------I percent J ----------------------------------------------------------
11.8 10.0 12.8 15.1 3.0 7.8 23.0 10.2 25.0 -1.8 29.0 2.8 1 1.-1-
2.0 1.1 3.2 1.7 10.0 2.-1- 2.0 0.9 () 9 1.2 0.5 I . -1-
7.1 0.1 0.2 0.0 1.1 0.6 1.8 8.5 0 . .3 15.5 3.4 25.5 9.6 
0.2 0.0 0.0 0.0 0.5 0.0 0.1 0.0 0.1 0. 1 0.6 0.0 06 
2.3.8 55.8 -1-3 . .3 -1-9.8 17.9 28.8 12.2 28.7 -1-.6 2.3 18.-1- 0.6 16.1 
-1-.-1- 8 . .3 13.0 11.6 5.0 5.1 5.5 -1-.7 2.9 0 () () () 0.0 00 
6.2 1-1-.2 11.2 0.2 21.8 27.1 11.0 7 . .3 1.1 0 0 0.0 0.0 0.0 
1.7 2.1 3.3 2.3 -1-.8 -1-.8 ., ' 3.6 0.7 0.0 0.0 0.0 00 
5.5 0.0 0.0 0.0 0.0 0 0 0 0 04 0 0 16.7 7.9 16.' 8.6 
5.-1- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2-1-.5 5.9 I 0.0 7_J. 
2.5 0.2 0.5 0.0 1.1 1.0 0.8 1.7 0.1 6.1 2.3 -1-.9 
2.6 0.0 0.0 0.0 0 . .3 0.0 0.0 0.0 1.3.0 8.1 0.1 
7.5 2 . .3 3.0 5.9 7.2 10.3 16.1 8.8 30.7 2.3 6.8 5.0 I l.5 
1.8 1.2 0.5 2.0 0.8 2.2 2.1 2.8 11.9 0.3 1.6 0.2 1.3 
12.9 1.9 6.0 15.6 7.3 13.0 158 3.7 8.2 ~ .., .)./ 20.3 
2.9 3.0 7.8 10.8 2 6 2.8 7.8 5.8 9.' 6.6 10.5 9.7 
93.3 99.2 98.7 99.-1- 92.5 99.6 94.7 97.9 96.-1- 86.9 61.2 99.0 91 l 
6.7 0.8 1.3 0.6 7.5 OA 5.3 2.1 3.6 13.1 38.8 1.0 
82.6 75.6 76.5 59.6 87.7 88.6 86.6 92.7 90.4 81.9 80.5 96.7 86.0 
11.6 1.3.8 7.3 27.1 6.9 3.8 7.8 6...+ 1.9 15.9 14.6 2.9 l 1. i 
10.7 16.2 13.3 5.5 7.5 5.6 0.9 1.8 ')..., -1-.8 0 . .3 2.9 
Source 1992 'JFU and the 1992 CTIC databases. 
Table 2. SOC Metamodel Coefficientsa 
Regressor 
Intercept 
Rotation' 
Continuous Com 
Continuous Soybeans 
Continuous Wheat 
Com-Soybeans 
Corn-Corn-Soybeans 
Com-Soybeans- \Vheat 
Soybeans-Soybeans-Com 
\Vheat-Fallow 
Wheat-Sorghum-Fallow 
Wneat-Soybeans 
Wheat-Sorghum 
Com-Com-Alfalfa-Alfalfa-Alfalfa 
CRP (Summer Pasture/Range) 
Til!ageJ 
Reduced Tillage 
\io-Till 
Irrigation 
Irrigated 
Fertili::ation 
Nitrogen Rate (kg ha· 1 ) 
Eroszon 
Water Eroded Organic 
Carbon (t ha· 1 yr 1) 
\Vind Eroded Organic 
Carbon (t ha' yr.;) 
fni1ial Carbon 
Organic Carbon Density (gem·') 
SOC in A Horizon (kg m :) 
Locarion 
Latitude 
Longitude 
Coefficient 
-10.959 
--+ !50 
3.561 
-1.700 
1001 
-0.601 
0.057 
2.113 
-2.622 
-2.-122 
0.967 
-1181 
0.-130 
0.468 
0.326 
-1.026 
0.0101 
-0.0627 
-0 090 l 
-0.3278 
-0.0091 
0.0857 
0.1007 
'R: = 0 75: n = !1.581: Root ~1ean Square Error= 0.1788. 
1 The l 0 o. 5°'o, and l 0% critical values for the t statistic are 2.58, l. 96. and 1.65. 
Reference: Continuous Alfalfa. 
1 Reference: Conventional Tillage (fall or spring plow). 
t Statistic" 
-21..5 83 
-=: I.677 
:'.1.25-1 
- l l.-100 
~.3-+0 
-3.636 
0.385 
12.506 
-179'73 
-16.938 
6.341 
-20.329 
-5.91-i 
:'..956 
8497 
-i.507 
-1 3.242 
9.846 
-1 00.039 
-77.875 
-11.942 
-19.305 
11.-i18 
22.081 
Table 3. Initial Cropland SOC Levels 
State/ Region Area Total SOC SOC per unit area 
(ha) (Tg C) (Kg C m·2) 
Indiana 5.612,308 558 9.9 
Iowa l 0,909,838 2.049 18.8 
:V1 issouri 5.980.567 602 10.1 
Ohio 4.945.466 1'1,4 ~-'-+ 8.6 
Corn belt 37.486,113 4.861 !3.0 
:V1innesota 9.357.854 1.603 17.1 
:v1ichigan 3.727,733 226 6.1 
Wisconsin 4,632.834 352 7.6 
Lake Stares 17.718.421 2.182 12.3 
Kansas 11.903.887 982 8.2 
Nebraska 8.331.417 7"'~ 
-J 8.7 
North Dakota 11.188.866 1.342 12.0 
South Dakota 7.351.619 734 10.0 
:V Plains 38.7/5,789 3.781 9.8 
Study Region 93.980.324 I 0.823 11.5 
Table 4. Projected Net Annual I .tlss Rate and Total SOC' of Crupland Under Alternative Policies 
Stak I Rc:giun B,tsclinc: 11ith CRP Baseline:. tto-CRP T-basc:d policy Til!;tg..: policy 
:\tllllial ( 'li<lllgc !ot;d Sl >c: i\litllliil ( 'h<ttt~<.: I Old! S()l. ;\ttnu;tl ('!lange l'oi;t! S( )(' :\nnu;t! ( 'li;tng<.: Total SUC 
................................................................ ·1·g ol·c· ............................................................................. 
l!ltti<JlS ·10:5 I, I 'J7 ·105 I, I 'J7 -011 1,225 .()_j(J 1,216 
Indiana -0-U 515 -0·1-f 5-!5 .o ()') 555 .() I6 553 
Iowa -2.3X 1,'>77 -2.·1 I I ,'J75 .()')! 2,021 -161 2,000 
1\tissouri .() 2') 5')3 .() 26 S'J-+ 0.27 610 lJ 06 (>()! 
Ohio .()52 !O'J .()52 !O'J .() 21 ·117 .() 2') ·IIIJ 
('om Hell .. j 67 ·1,720 .-f 71 1,71') ·I OS -t,X2S ·2.-10 -1,7XX 
Minnesota -un I ,5·1 7 ·I 'J·l I ,545 .() 02 1.6()\ .() 82 I ,57'J 
1\lichigan .() -f2 214 .() ·1·1 213 .() 2-f 21'J .() 2S 21X 
Wisconsin .l) 6') J.ll .() 74 JJ() .() .1'J J40 .() -fl) .l37 
/.uke S!ulc·s ·2 ')') 2,tJ'J2 · 3. I I 2,0XX -01J5 2, I ll2 ·I 60 2, 13·1 
Kansas ·188 'J26 ·2.13 'Jl X .(J.!l) '168 ·I Oll ')52 
Nebraska ·I 62 67-! ·1.7·1 h71 .() J() 71-! ·0 'i2 (J')5 
North l>akut;t -2(11) I ,262 -2.') I I ,255 ·lU~ 1,332 -I .l') 1,30 I 
South Dakota .() ')') 70-l ·I 12 700 () 17 IYJ .o 31 72-! 
N 1'/uius ·7.17 3,5!J6 . 7 ')() 1, HI .() 95 \,752 -3 (J2 3.672 
Study l~c:gion ·I·!. 81 I 0,3 7S -IS. 7I I 0 352 -2.6X I0.7U . 7.62 IOYJ.! 
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